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U Certain geologioal peowliarities and special opersting conditions ap-
R poaxr to faver tho use of secondary recovery awthods in the Kmnsakhstan oil
indwstry. These peculiaritics and oonditions m as follows

. 1. NKost of the oil beds in Embe Oblast are shallov, 01l wis obtaine2
froas & depth not exceeding 450 meters in 85 peroent of the weils, and only
15 paroent produosd oi) Iram & depth greater thar 850 meters. A majority
dtuwlhmdriuuuﬂnntioufmonupcmtm,mtho
density s still grester in scme beds.

2. In gdme ouses this condition trought abdout a repid exvenditure of
o the bed's potentialisy. In other oceses it oontriduted to s quiok inflow
: dﬂnnmrmnlmm, which caused a great amount of oil to remain
Acoording to data fram the Maiat tssv wells, the metwration of
L Juressio horisen I residusl oil amounted to 60-6% pereceut of the volwme of
L TER . pores.

3. The ofl yield of the majarity of wells is msall,

%, The exiatencs of a consiésrsble mumder cf oil dede contsining
an exoepticnally high-quality oil,

i S Juressic horizon IT in Doseor end Juressio . adson I in Makat
s : ; were the first to be sudjected to wvater-flooding operstioms.

.
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Ubilization of Water Flooding in the Dossor 01l Wells

The oil bed of Jurassic horizon II is considered a middle Jurassic
deposit. In structure this bed represents & dome-shaped fold, bordered
by a fault to the south and to the weat.

According to experiments mede by the TaNIL of the ZXazakhstanneft',
the physical dimensicns of the oil sands in the stratum are as follows:
5 percent are 0.25-0,1 millimeter, 20,4 percent are 0.,1-0.01 millimeter,
and 55.3 percent are emaller than 0,0 millimoter.

The average porosity of the sands as determined from five specimens .
veriss fram 25 to 30 percent. The permeabllity of the sanés can be
setimated by the amount of wator absorbed by the wells in the various
parts of the structure. ¥or ingtance, well No 139, in the western part of
the structure, absarbed 24 cubic Laters of water in 24 hours, while well Y.
T7, at the sastern bordsy,! abgarbed.up to 140 oubic meturs of vabter 1o 24
hottrs,  Consequontly): the psrmeabllity imcreases from west to-east. Yor
this reastn, the oil. fisld chosen to be Tlooded Tirst vas in the eastern
gart of the struoture. o

When water flooding vas started, yields of a well of horizom II
varied frem 0.1 to 1,2 tona, The lses productive well~ were locatsd
in the wsgtern purt of the layer, whersas in the esatbia part, ylelds
inoressed to 1.2 tons. This confirmed the lover permeedility of the
western part's collestars, as compared to thoge of the ssstern part of
the structure,

Water flooding was first used in the Dossor 013 fields on 26 August
1943, With the existing network of wells, arranged in parallel rovs,
only linear water flooding could be undertaken.

Vate. mmped into the stratum came from two "gar" (lakes of 65
heotares in ersa), with an average dspth of 0.4-0.7 meter, Weirs were
built in the &eepest part (1.5 meters) of the sor. The water flowed
freely from the weirs into a harizontal settling tank, with a cspacity
of 250 oubic meters, from vhioh it was pumped to the seotare to be 2iooded.

. %wo puaps vere installed in the pumpirg stetlous, one a Eolomns type
end the other a Gardner-Denver. These were driven by 35-kilovatt elesiric
sotors. A l-inch main was 1aid from the pmmping ststion, with 2-lnch
‘tranches running to the injection weils. The injection wells wers
oquinped with mancweters and vith control valves for flooding the wells
vith the back pressure. The quantities of injected wnter were measurod
wvith Voltmen meters installed on the main.

The Pirst flooled gector vas initislly ummposed of eighv injection
and 15 prodvution wells. At first, 500-800 cubic meters of wvater were
prmped every 24 houwre into each of the eight wells under a pressure of 11
ttnosplisres at the voll head.

The salinity of the puuped vater measured 20 to 24 degress Baume and
contained ur to 4 milligrams per liter of physical impwrities. The sction
of the vater vas observed in the nearest wells, cune month after the be-
giming of the injectiom. '

The yield of wells No 78 and Ho 24 increassd by 90 percent. Iater,
a great increuse (up to 300 percent) vas obmerved in the yisld of well

Fo 103, and 3 months later, ten out of the 16 wells gave a prodmction
63 percent groster than tbe initial cotpat.
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Aocording to the 1 July 1947 statsment of work, 2kk 000 cublc meters
of water were' pumped into Jursssio bed II through the injection vells.

As a result of the water looding, several additional thousand tons
of oil vere obtained from the wells of the first sector by 1 July 1947,
The daily oil output reached its maximum in June 1945, and represeated
220 percent of the initial yield; it leveled off about 1 July 1945 st
160 percefit,

The groatest imcrsase in production was cbserved in wells viich had
bsen enbjeoted to a four-sided action from injecticn wells. Notwithetending
soms deviation from a regular geomstrical metwork of injection wells
and also & lack of regulation of the progress of flooding, the method
woduced sonsiderable cfficiency in the first sector, and the resuli vas
stimglating to $te development.

The second sector seleoted for flooding operations was in the
southern part of the bed. The flooding operstion, started 27 April
1945, initially comprised sir injection and 22 producticn wells,

At the beginning of the operatiocn, up to 400 cubic meters of water
wore puped. into the inmjection wslle per 24 hours; then the volums was
daoresged to 100 cubic msters. From 27 April 1945 to 1 January 1946,
34,088 6ibic meters of water were pamped into the injeootion wells. For
each imjection well the water aversged up to 25 oubic meters per 24 hours.
The preesure &t the head, st the above-indicated rate of flow, veried ~ -
betwsen. 0 end 10 atmcapheres,

Iater, the mmber of injection wells was increased to 11. Three
iajection welle were located outezide the oil-bearing limits of ths area.
Floodirg through thess wells was diecomtimued becavse the results ob-
teined in this operation wers unsatisfectory.

In genersl, dnia gathered on the flooding operstions in the secund
sector show that here dnfter results wers obtained in the wells vhich
fell under the conditions of the usual linear flooding. Thus, the yield
of wells No 207, 52, 114, 43, and 97 inoreceed from 50 to 250 percent,

The flooding through wells located outsids the oil-bearing ares gave
Do positive results due to & thorough flooding of the boundary arsa and
the imposaibility of pumping more water into it.

¥Mare than 10,000 *ons of additional oil have been cbtainel from
both Dosscr sectors as a result of the water flooding since the beginning
of the operation.

Utilisation of Water Flooding in the Makat Oil Wells

Jurassic horizon I, the most productive of the site, vas choser. for
ths utilization of the flooding method. The formation chosen far f12od-
ing pressnted wn inclined. dome-shaped fold, stretching from northwest
to sontheast. Jurassic depcsits are regular vith no testonic dofermation.
Neocoomian formations constitute the ocre of the dcme. Salt is deposited
sbout 680 meters deep in the center of the dame, Jurassic Lorizon I is
embeddod on top of the middle Jurassio fermation and 1s composed of a
ceriea of oll-learing savds, of clays with a coal interlayer, and o
sanistone. The sands are fine-grained. S1lt pucticles are predminant,
their eise varying from 0.05 to V.10 millimster,

from operationel resulis, it was sstatiiched that initial productiTity
was adpendent on the depth of penstration into the sands apnd on their
lithologic camposition. Thue, for instance, areuming the yield of well
-3 -
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No 109 to equel 100 percent whea the horizon was penetrated only 3 meters,

~. this yield becomes 30 percent. grester. for a.8.2-meter. penetration, and-:
ai 10.8 meters the increass is 230 percent, Such progrsssion was also
observed in many other wells.

The initial mressure in the bed was about 14-15 atmospheres., As
work- progressed in the horizon, the average yearly decrease 3m the bed's
Ireasure was about 0.5 stmospheres, At the begimming of the water.
flooding operation (1944) the pressure wes 4.6 atmospheres, inoreasing up
to 7.0 atmoapherss toward the borders of the bed.

. Over 90 percent of the vells contain watsr. Only 10 porcent of the
welle yroduse oil without water. As & rule the yield of such wells is
low. Other wells produce a certain smount of water with oll.

At the initial stage of the work, ths horizon was characteiized by
the coexistence of three comditione: gas pressure in the central part
of the dawe, vater (veak activity of contour water) in the wall sections,
and dissolved gas in the intermediate zone.

The dissolved ges and gas conditions were most pronounced during the
initial stage of the horizon's dsvelopment, evidence of vhioch is provided
by deta on high gss fasters (up to 200-250 cubic meters per ton).

" The inoreased watsr content of the welles located in the wall secticms
of the dome and the rolatively large veter flow into them indtonte a
definite, although slight, astivity of the contour water, with the oil
pregressing through the bed toward the oil weil opening., The pressure
of contouwr water, however, vas not sufficient tb move the oil from its
bad to the wells, and the role of water pressure wvas reduced to that cf )
refilling ths pore space freed from oil and ges. At present, the condition
of the horizon I deposit in the southeast and central parts of the dcme
1s epproximately gravitatiome),

Acocording to date om test weli KD-2, the residual oll seturation takes
up 6C percunt of tbe pore apace ;cr ths whole horizon. Water saturation
axcesding 60 percent of the pore spsce is chn.rucmut‘ic cf the lower
strata of the harizun, vhile in the upper paris it is considerably lower.

The first industriel and experimsntal flocding operation vas startced
in Avgust 1944, The first flooded sector is located in the northeastern
part of the doms, and comprisers nine injestion &nd 25 production wells.
014 produstion wells were ussd for injection.

The. percentage of wvater in the wells approached an average of 77
percent, but the absolute quantities of water obtained from the welle
were not large. The somstruction cf the wells includss & single shaft
with the casing packer abovs i‘he top of the Jurmss.c bed; the porforated
bottem of the shaft i3 opposite the productive part of the harirom,

The wvater-flcoding equipment 1o composed of a pumping station with
two HG-3 units, a settling ard otorege vmterienk, and sustion and delivery
riping. The whole system is primarily designed to pump the lake water
into the injection wells, adding to it, in owmer, vater from the bed
%o lower the salt concentration. No provision was made for water-
purification equipment because of the high cosgulating pover of the lake
water. The smount of water injscted was regulated with Scasffer tubdes.
Toe consumption of injeoted water vaes measured by differsntial manmsters;
later Voltman meters were used. Operation of tke equipment is indioated
bv the {ollowing tabls:
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. (5 mos)

Totals
 Operation {1n hr) 2,995 TS 5,105 Wyskk 20,519
Interruption (in br) 501 1,285 3,055 216 5,057
A§g mreasure (in atm) 6-10 T-10 10-12 9.0 9210

Avg salinity of weter )
pemped (in OBaums) 20-22 22-23  20-24 20-23 22.23

Vol of wuter pumped
(in cu =) 51,690 15k, b7k 207,240 98,736 512,140

¥o of injection wells 9 24 24 15 -

To of production wells 24 60 62 62

The wells operated st the limit of their water-intake capecity wnder &
preasure of 1l atmosphores at the orifice.

The number of injection wells was inoremssd fram G to 24, but in May
1946 was reduced to 15. The average proportion of injection wells to pro-
duction wells wma 2-5. The total volume of water injected in horizon I
gince the start of operations wms 512,140 cubic meters.

A2 a result of injeoting thic amount of waier into the horigzom, the
average inoreage of bed pressure in sectors I and II was 1.6 atmospheres,
the average for the whole horizon. In the zone where the injection
operation vas conducted, the pressure in %he bed inoroased 1.5-2 times
over the initial pressure. '

From the start of injection, an additional quentity of ssversl
thousand tone of oil vas obtained from the wells of sector I. XFor the
same period of tims, 2it%,000 cubic meters of water were pumped into the
injecticn wvells.

By Psbrusry 1945 the aversgs yleld of the wells per 24 howrs had
inoreassd thresfold and later 1t remained atsady at 200 percent of the
initia) yield; this appears to be very favoradble, insuring a lasting and
stosdy output as vell as & high percentage yield of the bed's ofl.

It is very impartant to strsess the faot that, at the initial stage
of flooding, iie quantity of water injected was comaideratly larger than
the quantity of liquid extrasted, wiitle in the Zast year of oporation
the quertition of 1l1491ds injesctecd and extracted were equal.

Constanoy of water content iu the extracted o1l was also noted, All
this indicatss the stabilization of the whole flooding operation and the
achievement of a rational daily water injeotion system for each injection
woll (an aversge of 16-20 cvbic weters).

As a result of the flooding, the maximmm total yield of the oil wells
in sector I was almost five times greater than the initial yield, with
an averege water factor equal to 15,

The results of vater flouding in the Dossoar anl Makat oll fields
have indfcated the high efficiency of this method, Tais efficiency,
however, could have been much greater if such factors as the close ob-
servance of & gecmstrically regular network of injection wells, the 1ithol-
ogic' mroperties of coilestors, the water level in the sector, the
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residusl oil saturation, etc., had been taken into account.

Af+or ‘consideration of theas dsfecte, which wers tolerated in the
plenning for the first two sectors (espsaially the second sector), the plan
for developing flooding operations in the Jurassic horizon I in Maket was
executed more scientifically.

i ¥ive test wells were drilled for testing the phyeicsl and geologicel
o properties of o0il collectors ard contimuous dore samples were taken from
the productive horizon. The samples were studisd with regsrd to their
content of water and oil. A physical analysis was mede of the campositiom
of the oil-bearing sands, their coefficient of physical porosity wee
deternined, and the viscealty of oil for various semditiona in the bed
B : was established, The reastions of injection snd production wells on
N each other were also studied. Seatore for whioch injection was plammed T
e . vore divided beforshard into individusl fields on the baris of their )
) L water and oll saturation. The quantity of weter injecied per well was
detearmined on the basis of the collenturs' psrmeability, calculated
acoording to operating dsts and the sffeoctive thickness of tho stratum -
‘travorsed in a given wall,

The nev sector sslected possessed the most favorabl:e geologioal
conditions. It is entirely suited for flooding operutioms becauss ia
ita selection ths following comsiderations were taken into acoount:

(1) tbicknese of the horiton, large oil-bearins areéa, and little wvari-
etion in ehileotorsy(2)  vorditdva’ of disaclved gas in the Adposii’of
the melocted medtor; st the initiel Yevel of opsrations; {3) higher oil
saturation of the collovtors amounting to 60-65 percent of the pore
space, acoarding to data obtained from a study of cores from the test
wells and & largo quantiiy of residusl oil.

In the selected sector the injection wells form a gecmetriocally
regular network approximating the five-point system, and the ratio of
injection wells to production wells is 1:1. To obtain this ratio betucen
injection and produoction wells, the &rilling of nine nev injection wells
and four nev prodnotion wells in the seotor was planned., The flooded
; . seotar vili include 35 injection vells and 40 production wells. The nev
b injoction and production wells will be drilled with a Crelius machine and
R will be equipped vith h-inch casing. To szclule atrats highly saturated
N : with vater from the flooding operation, & selective perforation is planned

for injection wells. To identify these strata when drilling all the nevw S '
- inJection wells, fall use vill be made of BEKZ, o

5o : The wolume of water injected in each well is dsiormined on & dasis ef

W not mare than 2 oubic meters per meter of thickness of the produstive

S gtratum. It is planned to have the total volume of injected water reach
1,50Q oudic maters per 2 hours. Five piezametric wells equipped with

R . tnstrument~ recording the level in the vell are planned for checking pressure

R ! ‘ variations in the bad of the flooded ares. ’

To improve the grality of injected water (supprossing impurities
and diminishing the corrosive action on pipes ard om well equimment, eto,)
the following water ireatmsnt has been provided: settling, separatiomn
from oll, coagulation, liming, and filtration. Control methods for the
flooding operation have been carefully worked out,.

The implementation of the conditions provided for in the project
will undoudbtedly increase to a considerable extent the efficiency of
the flooding method and drastically cut down the unit cost of sdditiomal
production.
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. Prob'poots for Utilizetion of Secondmry Recovery Methods in Other Kazekhatanmft '
OIL Fields ‘ '

One of the first sites swlected for the utilization of sscondary re-
covery methode was Aptian horizon IIY im the second sector of the Sagiz o1l
field, This horizon is a very favorsble site becaus» of the hoxogenecus
ohermcier of its lithologic ccmposition, the abssnce of fauits, fts smsll
thickness und erea, & three-sided iaolation (tapering), a considerable
number of wells with emall rield, the transition to the gravitational, .
end, inally, & relatively large quantity of residusl oil. These geological
&nd physioal propsrties of the horizon wnd the amelysie of geclogicsl and
industrial materials led to the conclusion that the flcoding method mmat
be applied to this horizonm.

The sector eslected is in the amstern pert of the Sagiz Dome in
which horizéns of tlie Cretaceous and Jurassic periods other than horizen
ITI are being exploited.

Horizon IIT ooours at the bottcm of the lower Aptian formation, 224-254
meters down, and 1lithclogically is camposed of sands chenging to argille.-
ceous forwations to the south, southeast, and sast,

On the esst, the horizon IIT deposit is supported by comtour vater,
The horizon'e sands are fine-grained and highly homogenecus. The &verage
porcsity is 20 percent. .

Ameng the-31 o1l wells, thers are 18 which yield a considerable amount
of water together with o1l,

The sector chosen for exploitetion comprises 25 produciilon and 25
injection wells. The yroject provides for drilling nev injection walls,
Vater from a lake adjoining the exploited ssotor will be used for injection
together with the water from the bed, which 1y extracted from the oil
wells, The water-processing scheme 1s similar to that provided for the
Makat oil field.

Test wells are already being drilled in the Sagiz oil fields.
Xlectrioal equipment has been provided for more rational planning ~=d
application of flooding operations in borizon ITY.

The flooding equipmmat for horizon ITI will be construuted as the
realization of the various plamuned stages progresses, K

The first section of equipment with ar ouiput of 400 cubic meters per
2h hours will begin opersting after m1d-1948,

Apart from horiton IIX of the Sagic oil £is1d, water flooding is
planned for horizons I and II in the eastern portiom of the Iskin oil
fie1ld; as they appesr.to be favorable sites for flooding operatione.
These dorizone bave the physical and geologicsl conditions appropriate
for cclleotors: shallow position, great amcuit of residual oil, and alsd
& oonsideradle number of oii wells. It is plammed to drill tem injection
wells. The cutr~t of flocding plant I is to de 300 cubic meters per 24
hours. Jureasic horizons of the Koshkar deposit are also eslected as
sites for flooding.

Along with the extensive introduction of water flooding in the
Eazakhstanneft' o1l fields, the high efficiency of the Mariette method,
utilized at the Krasnoiamsk oil fields, 1s being taken into account.
Plans have been made for its utilization in beds VII axd VIII at Knlsars,
which contain cunsiderable amounts of residual oil.
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| fhe prosance here of gas-bearing horizons (V and others) assures a
snrﬁcient smount of gus &3 a working agent. ‘ L ]

. A thoreugh preliminary study of oil fislds is also being conduoted
nlmltmcouly 8% other: daposite--Bayohunas, Koschagyl, Eu!nmdmk ] 1. JORY
with the obJQctivo of eolocting other sites for the .ppliontion of nothoda
for intensifying oil omtet:lon.

< The vm rn.nge of ‘applicaticn far gecondary resovery methods will
require morun& -stuly and ressarch in all fislds by the solentific
‘rouu-oh mtltnhl, mlﬁing the TaNIL of the Kxrakhstanneft®,

o this connootion, the TeNTL has wrovided for en organization com-

bining the oil fieldts phyeics hlmutory and & special mp vo study

the o,)mtiaml cond1tions in the beds ds & whole aa well #a. in individusl
Lwvells,  Xtds m-pntl;r necessary: to becoms famil¥ar with the latest inetru.
- memty’ for’ studying the ‘physical and’ the chemical rogertien of fluids

under conditions in the beds, and to provide for ertensive sud camplete
‘wtilizaticn of olwtric oquim-nt whén plamning methods of lnorsasing the

bod.'l yield,

v Te ghkin the m1 ‘valde of experience frcm the spplication of flooding
mathods, & plant for. oxporimentation and dmmonstration 1s Yeing organized:
:t tho lﬁ.ht ‘buo, vith a ‘speola) soction for ficoding.

3 A grnt rowibnny fcu- the' tinely -exscuticis of the secomdary
& ,movm projects 1ies vith thv construwition organizations, the Zhzekhgtan-
- nef$' snd the Glavgesnefiestroy. Both must bacome faniliar with the

. eomplicated hydraulic installations.

The sucoessful execution of projects for the application of seconiary
recovery methods will permit the extxwotion from the grourd of Kazekhstan
of thousands of tms of additiooal high-grede oil, which is so indispsussble
%o our grmat socialist 'nation.
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